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equ&tion that can be stated in terms ot electrical operators (integrators, 
. ·. adders, ete.). But in the case ot the f1u~die deVice techniques 11hich are 
utilised in this work, the parallel can be carried out farther. Actual 
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If we now COJ1Sider the ratio of two frequencies produced on the same. 
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osciUator (same L and tube diameter) at the same pressure by two d1tter8't _ 
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gases we obtain equation (I) 
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· 'lbe · experimental validity of this tormul a is shown in the two aa.-s 
that. follow, on~ involving airland nitrogen, and the other air and argon. 
·In the cas·e. of diatomic g•ses (s:uch as in the, nitrogen-air exam.pl~) and 
tor the pressure ranges involved, the f term ean be dropped since 
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.The pressure to voltage transducer is _a laboratory instrmnent, mere 
sephisticaud than the one used in the final circuit, It is 1-Jnear up 
---~------~---------to 1000 cps (which makes 1t suitable for the t:requ.enc:, range ef. the . . 
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and has a c:onversion constant of 2,5 volts/psi. 
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· on the curve plotted tor air, graph ( 6). 
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., 
~ ' 
-------~;__----~~t·_._~·' -~----· -------------~ --------------- ----···------ ---- ---- ------- -- - ----------- -~-------------------· 
.. __ Conclusions 1 
. 
. .----1.he system's response is linear· and th~ _;r.,t~~<t ,ot-~~e:aei.ee····-W~gas:--:: -:---,-·-·~-~---· --··· -c,-· · _______ _'-:: .. _ •. ,, .... «.i------ ·--~--,- _.-:;_-:--_:---=·~--'--=·:.:.~-~~-. -·--------····-·, _----.,;.__. ' __ .,. .. -,,_ __ .,-·--------'------'" - ~-·- . --
densities follow fornn1J·a (I) well within experimental tolerances.;;.._.......-
-···--
. 
- --·---· 
·~-
______ ; __ , __________ ----·····-···-· --··--·-··-
_··_:__--_ ·---------"""'-----------. --
,·--·_--------· 
. " 
.. ;,.:. 
·.--' 
--~ 
,,··· 
__ .. ( 
:: ..... ~_ _- ··;_ . 
. ... : .. : .- -. 
. ..... _-.,_ .... 
:·. .~. 
~-· 
? • ' 
·--...... . 
::'.· r·· .. 
..•, t 
' .. : . - ..... ~-- ·- -
. •.i ' 
. -• ··-.-. ... ·~-·.,:·.:;_::-/ >· 
... -) . 
. - ,~ .Ill ·~- .... ---·--.. --. . -----,_-
---.. -
.... ,.-.·,···•,:i'''''''f"f' 
' 
'-''~r,.,' 
-·-· -.--.-· --.---. --- .------,;; 
-- -.-·----- , __ -r,_,..,.,~O:,J.n):11.._ 
·.r,., 
' 
-....!~-· 
Delayl~.ne lengths and correspobd,1ng frequencies- tor a G.E. MVll 
, .. ~--~l~.::..:~-:;'.~{'~-~~_:.:::.r-=-----------
osci J la tor as specified !or dry air at 65F ,· 
0. 078 ID tubing. 
,. 
7:--- ..... 
__ ,-__________________ ~~--=----- . . . . . - ·---:-- .--~ ·-. . .. -.-·- ~-- --- ---· -------
--~ 
•. 
Frequency 
(cps) 
-100 
200 
:,oo 
400 
500 
600 
700 
-,--- .... 
....:,_;::_:_ .--· -·-·· .. · 
""" -- -- a •• , •• ,,.•-·••"•• """'Y";•,-•,, -·~-·-- ~ 0 •, U 
ti-
., 
free of water. and oils, 
Length 
·(inches) 
S6 
29 
21 
1.5 
ll 
9 
8 
---'-·-·~---
~~-----. ----- .-·. - ' . 
------. -~ .·-- . 
'.·, 
//J';!.! 
.. 
---. ·.··-·\...- : - ---- .. ----- ' 
.. ~·,-:- ~ 
-----·------.i-.----~-------~-
---.-.---·-----------------------· ...:__ :-------- - .·-----= .. -··.-·,--- .· .... ·~--. -· -· -·--·-·-~~---'--'~-"'·----·-·-·-·-·--=.-·-.. "-.. --'-'-----··~--'--"~'--·-----· -· "':"".'---···-.. --:.-·-.-.-.-.---... ---: -·· .. . .. · ·., .... ·, . , .. .. .. . I 
..... 
- ______ -==.,_------_-, -~--~· ··-·-·-·,-~------·-
.~ 
. -
/ ' r 
,'.,L 
.,. 
'..:.:.., 
·?", 
(} 
--:---·-· -·-· 
• 
\;J 
V .. / .. ·· ~-. . ' 
. ' 
:_· . - ' ... _· . ·- . -----,-.-----~-"---- -·-. 
., 
----------
...... -
't!--: ... '.··,·-·;._ .•• _.;_.,, 
."".'··""'''' 
,,·,,,,:-... ,., .. -,,,,•, 
-,;-
.. 
-~ .
-----c., -----. 
. . . . . . : 
... '\' •", 
----~---· .. .· -~~--·-· ·_;_ -
._-____ ·_,_ -------------. ---
. --
.. '., ·'" ,,_,._,_,_ •.. ·, ,,~· -····.' ' . ,.;r-• ~· 
., 
.. ----~ . 
_____ ,,. __ _ 
--, .. 
----\---
-~---,--. -~-. --·-_ -~ .. _ 
n· 
r 
. ·, 
.frequency 
(cps) 
-·-. --._-~__._-. _. -. -.-· -~-.. ~----. -
.. -.. . 
--,.- , __ 
·--~-'-~---c----:--;---
--- -- - - _, ____ ~ 
----- _..__ . --~-~ ·-- - -- -- -·-----,-- .. -
, .. 
-... ---.:-2:~-·-------"'-. 
-. -,,· ,,; ________ . 
--·-- .---·- ·---·-
.Characteristics· ·-:-_ '. -.. -· -- - __ : __ . -- .---· 
_t __ _ 
........ · .. .,,.4...:: . 
... - . ~: ' ---- · ___ ... - ·--,. ·-
.. l 
.... 
,. 
.~,;,-., .-..... ·.,·.,;. 
·-----~.c....-,'--,-C--- ·.;·----• -. __ ·_._ .__._·--. -·--:~ 
. \o.~ .••.. 
---~ 
-----~----.---- '-.-~-~-- -
- - ---- --- --·--~• ----;-----.~ -_,--·/ 
;. 
~ ., .. 
,...:.,_, ____ ._., 
.. 
• specification· values 
·------ .:._· _  ._· -----~------------------·----~--------------
experimental· values 
..... 
) 
···-··· -· '·' -
.d 
.,1;.- . 
... 
• 
i 
-- · .. - ----~-....... ..'.·· -~.:....._ __ ,_: ----·- -----'-----~-=- -
. ~' .....--
,, ·- ~-~-- ... ~, -- ~~ .~. -- ----~1, . -·=~=-=·--=·-""·=~-;:;;;=;:,;.,;:c._.==-=--=·--·----·--
..;.,,· ----------·-·---------·-- ---:-:---: 
------·---·------
---
5o .... 
-~--·---- -- --~~---- .. ___ · -----. ---------1,ength 
( inches·) / 
5 ... . ,•' 
• 
• ...... 
r·· 
.... ~ '. 
. .I 
\ ·. 
--
. ' 
---- · ____ 4.>.......----'--' 
,_ ' 
. .-
- - - .. , -· --· . -· .. ,_ -~ . ' ~--··--- -.- -- .. . .. -·- .. :-----·-.----- --- ' ··- .. ·---· --~-- .. ·-- ---~:.:,... . ---- - . ·:.r-
· · 3· ·a·.·· . ·~ ' 
. . . . 
. ---- -~ :. . --, ,.- ' 
. ,~sgple Ca1culation to -Show How the Device Satisfies Formila Ct) in an -~- • • .i. ..... e 
. - I). ··- - .,.. 
. . 
-\ 
... - . . .· . - ·__ ' ..--\ . ' .- ... ,-,.-· :.., .... 
•-.·. -· .. ·- -· ·_ ·: - _·, · Both oscillators are originally, detuned in. such a •7 that _.their· ... -·· .- . . •. ' ,. ' .:...,. 
• 
. 
.,,. " ~ . 
- t 
. 
. 
. 
-~ --~ ... , .... ~ ·-· .· .. ____ -·-'frequency differe~e 1s·· 25 cps··nerf iir is ·~101m through them, Their delay 
. line- lengths· correspond to .385. ·and· J60 cps respectively •.. If the supply ot 
· the oscillator 385. is now·made COi instead or air, its frequency will change. 
according to formula (I). The other oseil~ator reuined unaltered so the 
output fr~uency difference is now changed. In this particular case the new . 
.. -----·-------- -·· ----------·--·--------·--··------'-- --· . ·-· 
····output is 1,5 volts 1,hich monitored on the· frequency meter :indicated S8 ops. 
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one is thens 
fair -
-t co 
¥air .fco2 _ 
-
1,4 X 44 
l,J :x: 28,84 
/ 
2 t CO2 .fair .. 
------------------·-------~--, ... ---- ~---· - --··------:--;-:------:----:--. ------------·---·-----····-· ··-······-····-·····-·--·······------···· .... ---·---··--·---······-·····-·~-- --· --- - - - ------ -- - -------------------~-----· .,- - - - -- - -
,.,. 
. . / . 
J ,,· • 
. 
· So t co · = f air = :304 cps. 
2 . ·1.27 · 
'7-·), 
. . . 
~-~- -- •u, ·••.•••" 
0
.u •• ,.; .. •••·•.-•• .,, ----· , .. 
_ 
_ .. .- , 
:',":',-_-_;i,_...,;·.,.. 
. ,., .. 
.. , :.And the ·n:ew 'frequency. difference output is 56 eps.·, quite elose to th.e 
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· data supplied by the manufacturer fer air at room temperature (see· graph· S), · .. 
the necessary corrections xmst 00 kept in mind. 
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, · We know t1uti_ the oscillator0 s. performance is satisfactory-at 400 cps·.: 
Tliis--:is a convenient starting point because it will .enable the transducer 
to work well. within its tolerance aa:1· at the same t1me will allow for ade-
(IU&te. sensitivity in the composition span. So the starting point is an 
oscilla-tr,or that will render 400 cps at 260 F when water vapor--is blown 
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through it. The necessary lengths if tested with air at 65°F are those 
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_____________ _ _________ of 357 and :,40· cps respectively· when a-ir is used. ' : 
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Referring to graph 5 the appropriate lengths are- established·~--· The -- --------- _ .. ________________ .. _ 
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actual testing was carried out ·en a·earef'ul trial am error basis checking 
.. the actua1 r~equeneies produced by means ot a precision transducer and a · 
laboratory frequency me~r. _ This assured that the predicted lengths actually 
produced the desired frequencies. 
., . · ... ' --~-~-,-
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-. It both vapors are at the same pressure it is valid to· couider 
t, 820 = ,~o.,.fCH30H = 
. t: CU,OH · I CH30H,r~o l.J. X 18 
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than 
- ,,,_ R .. ;n ~ 
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t, CB:,OH · = · i.34 = i3 ~ 284 e~. 
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. __ _,__ _ _ · So the expected r~ge tor the system is 1 -·-, __ 
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. ---:---,, 
x = · -D'j, {pure water) /Jf = 20 cps (400 - )80) 
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. Since the fluidic eiztc-uit ·-m.lSt deal n'!-h vapors- in order to operate_ .. ~ 
. 
. 
' ·1- , _--
C --,---- ~~----~; :as specified and the water-methano1 mixtUJ9e" i~ liquid at room tempElrature~, , _:., -----·-._ --·· ' __ > . . . 
' 
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-- · · a heating and pressu:rizing sys.tam _was ne~ed. -This ,,~hapter will deseri1-·---------------~----~~----- · -
' ' 
-·----~~ 
, ' 
,,-
- - . - .... 
such a- system and will deal with the constraints imposed ,nits design by 
both the fiu:l~ic package and the -mixture ot chemical components to be analysed. 
The s:ystem consists of three main parts 1_ a sample container, a steam 
jacket and the fiuid.ic .elements, _The electrical supply is- a 9 volt battery,_ 
which means no external electrical connections are necessary, The ·steam. 
supply is provided _by a 25 psig. steam line. The stream to. be analyzed 
mu~. be availabl.e at 15 psig, 
. ' ' 
: A) Sample Container I This ve~~el -was used_ te hold about two liters of 
•ter .. methanol which was pressurized with com.pressed air at 30 psig, 
" -- -- ' . ' ">- -- • ,--- - - -··--·--- ··-·---·-------·---------------------------- -----------
f 
' -- ' --- '" -- - ------
-----~----------· ----~--------------·-:sy-·steatll-J~~ket: In order to operate as specified by the •nufacturer,- ------ -··. 
the tluidie o~eillators .a,nd beat_ detector must be supplied by dry gases 
., within a certain pressure range. All available i.nfcmnation on the performance-. ., 
.. 
of these components is for dry air at 65° F free ef ·oil and water. (10) -- In 
'1-
th is experiment they are requ:tred to work with both water vapor and methanol 
n,por. So as to insure the -best possible cordi tions the fiuidic package ___ ~---,-----. 
-··-----------·-----------·--··--·- -··------·-------------------------··---···' ------------------- ~------- : 
-----:,--~ ------~ - - ------------·------------ -- - - ------- ----- -- --------------------·---------·---------- --
-
must be operated. in an·· environment which will keep the fin14s in a super-
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•' ...... - . ··; .. ~,~·-,s .... -, -----
- -------------~~ 
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______ ._.in the low pressure inner chamber, it su.perheats the- steam--and vaporises the .. 
.... ' ·,, 
' . 
---·~--~---
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' " 
sample mixture 1n its high pressure ehamber • 
Die reason tor the two chambers is_ due to _tbe fact -that. in analysial . 
- the behavior of steam in the Mollier -(Entropy-Ent.halpy) diagram two incem,atible - -
constraints were .... met.- If' the · fiuidie package were kept hot in a -high pressure ,, 1, 
' ' 
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i .. · .· ___ .. ~~~-. ______ tli1s implied ·. that the·. pressure in the j~ket wu1d have to oo @@~· 10 · J)Si .. .. . • (I. " 
-
- ----- ------------ ' . . 
'.... . . 
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. ·-' .... ·, . 
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' --------·--·~···---i.··. ------·-. -- - jacket cou]d·not be lower than that of the steam fl@mllg in the.devices sine•· 
- ---
-~-the .dew point dilferences w,,Jd· cause.' condensation inside ·the circuit aid .;;, :. . ·.? . 
i" .• · render 1 t useless. r 
. -" . 
I: . . 
' . 
. " 
" . 
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-The two opposing coniiticms made it neeessary to isolate the tluidic r . 
package inside a low pressure chamber, heated f~_om the outside (hig~ pressure 
chamber) by 20 . psi steam. At the same t:, me, by means · of two independent 
copper ·tubing coils, both the 1ow pressure steam (10 psi) need.Gd te bias the 
·reterenc~ oscillator and the beat detector and the sample mjx~ure (10 psi) 
are superheated in this high pressure. chamber before they enter the low _ 
pressure chamber and fe~ the fiuidic pa -~ge. The high pressure steam is 
. • 
-
# 
------------------
. · obtained from ~~ ~~-- ~~pply .. thr.oup.- r gulator and--valve· ·2_ and mon:itored __ _ 
--·---··-·----··-·---··· -- -· -- - • -- •····· -·- ··-····-···-"-· .... 
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· -with gauge-2,. placed- on:-the steam jacket. A bl.eed ulve is inelud'9d for the 
start•up operation. Heating steam condensed and was· removed. through a steam 
/I 
, 0 
' 
• . . 
. trapi Gauges j and 4 monitored the conditioned low pressure steam and. vapor . -
Jdxture just as they come out· of the coils and enter the low pressure chamber. 
~ese va1ues are critical since the operation of the ___ ~!~---~u1~!~-~-,;i.~_v1'l.al ___ . _ .. ___ · --------- --------~ .. ---·--------- -- - - -- -~- ---·-------
. eirctdt--is eallbrated for a eertah 'Value of supply pressur~s ~ • ,... . ·• .;...·· " • ~ ... 'I ...... ~ 
The low pr~ssure chamber or fiuidic package housing •s held at atmospherio -
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ihe 1ast connection to be ·mentioned is that. for the outputs the P/E ·· 
transducer. ·· Its maximum temperature specification required that it be plaeed·~ 
.•·
0 0\1.tside the heated sysWlJI • 
,, ) "I, 
·-···•The high pressure itself is -no constraint.· The requirelient is simply a pressure diff®!f®ntial betWMn the supply and the environment into·.which the· devices are to vent, 
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The whole steam jacket is.thermally insulated with glass 
, I 
toil. 
All the piping is done with 1/411 copper tub~ G'Cept for tb.e main 
~-.: .... -. ___ ::__--_ _.; -·--··-·---,--
It.Mm Supply ~J!. ~ ste81 pipe. 
. ' . ' t·~ ...... - . ~ 
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lines' from the stelm jaeket lid when it has to be Opefl,ed. 
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Schematic of the System 
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6-. · · Conc1usions · 
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- -------------- ... --------'--~--,-,:~--.-- .tound that the gener-&1.bend. cf its performance responded as 'expected, I • t'J • 
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.that is, the :tr8quency signal obtained at the O\\tput ot the transducer varied . . 
. s 
. 
' with the composition of the sam;p1e employed. 
Unfortunately, the output- signal as monitored on an oscllloseope turned 
out to be very noisy and erratical. This rul.ed out the use ot the frequency 
-- - --------~·-· ---·-·-----··---·---- -__________ · ... ~.~.~ to DC comre!'ter ·ael'Jcribed in chapter :, because the output frequency sipal 
----
wa.s not consistent enough to allow the capacitors in the~ circuit to·-eharge 
up and produce an acceptable reading. So ~ the experimental setup we in-
-e1udecl a ~ecision frequency meter to measure the output frequency ot the · 
transdueer directly. 
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, x=l.00% (pure illetl>a.nol) were 
f output = 20 cps (x=O) 
t output = ll6 cps (:x=lOO) 
-
whioh rendered a span. er 96 cps. 
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The experimental results were, in spite of the scattering clue to the 
noise and · erratic behavior_, __ centered .. ar-ouncl---these-values-.---·-A-cal:ibra-Uon--
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Suggestions .for Future Work. 
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r ·. : ·- Since · the cause. for err a ti cal and noisy b~ha.vio:r ~~·e~ to "be basically . . ·y; ,; 
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